The regulation of diethylaminoethyl-partially purified invertase (EC 3.2.1.26; ,8-D-fructofuranoside fructohydrolase) from the 37,000 x g-soluble intracellular fluid of Actinomyces viscosus serotype 2 strain M-100 was studied. Glycolytic intermediates, mono-, di-, and triphosphate nucleotides, inorganic phosphate, and various divalent cations were tested for regulatory effects. Fructose-6-phosphate (F6P) and fructose-1,6-diphosphate (FDP) were found to act as noncompetitive inhibitors of invertase. The Ki values for F6P and FDP were found to be 3.4 and 5.1 mM, respectively. The Hill coefficient for sucrose was 1.03 and remained unchanged in the presence of varying amounts of F6P or FDP.
There is much evidence implicating Actinomyces viscosus in the etiology of both periodontal disease and certain forms of caries in both humans and rodents (6, 8, (10) (11) (12) . Although the role of this microorganism has been studied in the etiology of these diseases, far less is known about the metabolism of A. viscosus (3, 4, 7, 9, 13) . Our laboratory has previously reported the presence, separation, and partial purification of two enzymes involved in the initial dissimilation of dietary disaccharides by this microorganism, invertase and /3-galactosidase (13) . Sucrose is undoubtedly the major disaccharide presented to A. viscosus in its natural oral habitat. Therefore, the present study was directed toward further characterization of the invertase from A. viscosus serotype 2 strain M-100.
MATERIALS AND METHODS
Microorganisms. The microorganism used for this study was A. viscosus serotype 2 strain M-100, whose characteristics have been described previously (7, 12, 13) . Cultures were maintained in fluid thioglycolate medium by monthly transfer, and cells were grown for study in complex medium containing 0.2% sucrose as previously detailed (13, 14) .
Preparation of cell-free extracts. Diethylaminoethyl (DEAE)-partially purified invertase was prepared from the 37,000 x g-soluble cell fraction of early-stationary-phase cell cultures by ultrasonic cell disruption, differential centrifugation, DEAE-cellulose chromatographic separation, and concentration by membrane filtration (13) (14) (15) .
Enzyme assays. Invertase activity was assayed by incubation of the enzyme-containing material with 10 mM potassium phosphate buffer (pH 6 .0) and varying levels of sucrose and effectors at 37°C for 30 min (13) . Free glucose was detected by the glucose oxidase method, using reagents dissolved in 0.5 M tris(hydroxymethyl)aminomethane buffer (5, 13 
RESULTS
Initial screening of effectors. In the present study, various glycolytic intermediates, inorganic phosphate, mono-, di-, and triphosphate nucleotides, and certain divalent cations were tested for potential effector properties (Table   1 ). Fructose-6-phosphate (F6P) and fructose-1,6-diphosphate (FDP) were the strongest inhibitors of the invertase. Both adenosine monophosphate and adenosine diphosphate activated the enzyme, whereas adenosine triphosphate inhibited invertase activity, consistent with the Atkinson model of adenylate energy charge (2). However, initial kinetic studies indicated that effects of the nucleotide phosphates were complex. Inorganic phosphate was without effect. The other tested compounds had only weak effects. Only those compounds demonstrating the strongest inhibition were studied in greater detail, and the results of those studies will be reported here.
Characterization of inhibitors. Lineweaver-Burk representations of invertase activity as a function of sucrose concentration in the presence of varying levels of F6P are shown in Fig. 1 . These data demonstrate that F6P is a noncompetitive inhibitor of invertase activity of A. viscosus. The Ki for F6P was calculated to be about 3.4 mM. The Hill coefficient (1) n was calculated to be 1.03 in the absence of F6P and was not changed by the addition of various levels (1 to 5 mM) of F6P, although only one such experiment is shown (Fig. 2) .
In a similar manner, FDP was tested for regu- latory effects. Lineweaver-Burk representations of these trials demonstrated that FDP was also a noncompetitive inhibitor of A. viscosus invertase (Fig. 3) . The Ki for FDP was calculated to be about 5.1 mM. The Hill coefficient n for sucrose was not changed by the presence of varying levels (1 to 5 mM) of FDP, although only one such trial is shown (Fig. 2) phosphates on the invertase of A. viscosus are in contrast to their lack of effect on the invertase of the oral plaque-forming pathogen Streptococcus mutans (14) . In addition, although S. mutans invertases are positively affected by inorganic phosphate (14, 15) , there is no evidence of any inorganic phosphate effect on the invertase of A. viscosus M-100. The results reported here suggest that complex regulations of invertase exist in A. viscosus, while the importance of these interactions in vivo remains to be determined. The ability of. oral pathogens such as A. viscosus to resist adverse ecological selection pressures may be related to their ability to regulate energy metabolism within the varying conditions presented by the dietary habits of the host, among which is the presentation of large amounts of dietary sucrose as a major substrate. Further clarification of such regulation and its role in the overall metabolism of A. viscosus is important for a clearer understanding of its role in human oral diseases.
